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Christopher A. Foster, LititZ, PA (US); (201301) 
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Scott A. Shearer, Hilliard, OH (US); Joe 
D. Luck, Lincoln, NE (US); Michael P. (57) ABSTRACT Sama, Lexington, KY (US); Rodrigo S. 
Zandonadi, Sinop (BR) 
A multiple robot control architecture including a plurality of 
(73) Assignee: CNH INDUSTRIAL AMERICA LLC, robotic agricultural machines including a ?rst and second 
New Holland, PA (U S) robotic agricultural machine. Each robotic agricultural 
machine including at least one controller con?gured to imple 
(21) APP1- NO-I 14/274,130 ment a plurality of ?nite state machines Within an individual 
_ robot control architecture (IRCA) and a global information 
(22) Flled: May 9’ 2014 module (GIM) communicatively coupled to the IRCA. The 
. . GlMs of the ?rst and second robotic agricultural machines 
Related U's' Apphcatlon Data being con?gured to cooperate to cause said ?rst robotic agri 
(60) Provisional application No. 61/822,102, ?led on May cultural machine and said second agricultural machine to 
10, 2013. perform at least one agricultural task. 
Environment Environment 
(ON-Machine) (OFF-Machine) 
Sensing 
- Layer 
(0 c __== 0 Wireless 
Ssetr's?r (05 g E Communication 3° > 
' ' ' ' Broadcast 
.1; I _______________ __ 
' Deliberative l¢: 
Obstacle 
Detectlon E E, 
L g c» g . 
2 o E g BehaVIor 
2 g ¢- 0 g_ 
g g g E 5 Layer 
g '- 5 H 21% 
IZ< 
| -|—'_l 
i ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' “i l ----------- " 
o (- FS FOM i F M iii Foli/i iV 
Layer 
g .2 § ,3 Control 
0 _ Q ~ 5 _ 
g E O 5 g 2 Module 
3 E» E E 
(I) (I) 
Iv I 11 I Pos ION/OFF """""""" " 
. . . Actuator I Motor I SteeringI I Hitch I I Nozzle Layer 
Patent Application Publication Nov. 13, 2014 Sheet 1 of 38 
Environment 
+ 
Environment 
(ON-Machine) 
Sensor 
Stack 
—W 
Environment 
(SPF-Machine) 
Wireless 
Communication 
4—". 2 
T Reactive Deliberative 
Obstacle _’ _’ ___’ '1: 
Detection -— -- i» H 
.2 E 'E O c» c E 
2 E E g l g g g 
6 g Q cu 2 0— -._- g n- "5. 
cu m = c E ___c E L 3 'c 
17, .12 ‘5 E l— a o '— —’-; g 
_Q o D: o -— — - Q_ n. “r; a, 
O > __ co __ _ _ __’ o h 
<: z < n. 
- - --> 
I l l r-l l I 
Fmi """ "Fm'l; "" "Ft """ " i l 
FSMI FSM || FSM ||| FSM IV 
C _ 
.9 g E > 
“5 — 8 *E 'E _ 
g 0 o 1'3 E 
Q a 2* O < ‘5 
8 O 'c “S E O 
G, m r: g 
Q. .93 I u. 
(I) C!) 
1v 1 (0 1 Pos lON/OFF 
Motor Steering Hitch Nozzle 
Fig . 1 
US 2014/0336818 A1 
Sensing 
Layer 
BehaWor 
Layer 
Control 
Module 
Layer 
Actuator 
Layer 
Patent Application Publication Nov. 13, 2014 Sheet 2 0f 38 US 2014/0336818 A1 
Deliberative 
Obstacle 
Reactive 
Ag-Robot 
Deliberative 
____________________ __ Fig . 2 
Patent Application Publication Nov. 13, 2014 Sheet 3 of 38 US 2014/0336818 A1 
_Trigger Finite 
Conditions otates Desired Speed 
inputs from Control 
Behavior Straight - Command 
Layer Path cru'se ‘ / 
? Turning qmw 
:1) ‘ ' Speed / 
Direction 
Control 
Presence of Srf S d 
Obstacle d e pee /|—> 
Emergency Dead 
Fig . 3 
inputs from Trigger Finite Peeired?steering 
Behavior Conditions States Pont'o' Pommand 
Layer H 
H Default Navigate : 
Steering 
:D Controller 
Presence of Safe _ 
Obstacle N9Vigate ' 
Fig. 4 
Patent Application Publication Nov. 13, 2014 Sheet 4 of 38 US 2014/0336818 A1 
Desired Hitch 
Inputs from Trigger Finite POSItIOFI COFI’EFOI 
Behavior Conditions States Command 
Layer H 
H No Obstacle Lower : 
:9 Hitch Defamt/ Controller 
Presence Raise : 
of Obstacle 
Fig . 5 
Desired Nozzle 
Inputs from Trigger Finite C‘intéO' 
Behavior Conditions States Ommdn 
Layer H 
No Obstacle _ 
? ON ' Field 
:1) Activity 
Dafaun/ Controller 
Presence QFF ; 
of Obstacle 
Fig. 6 
Patent Application Publication Nov. 13, 2014 Sheet 5 0f 38 US 2014/0336818 A1 
External Wireless 
Reactive 
Deliberative 
N 
Fig. 7 
Patent Application Publication Nov. 13, 2014 Sheet 6 0f 38 US 2014/0336818 A1 
_ _ _ _ _ _ _ O 
LO 
> 
.é 
L LO 
m _ _ _ _ _ _ _ 
C ?' 
CD 
0 
c0 
_ _ _ _ _ _ O 
' ' ' ' " W
2 
6 
.g _ _ _ _ _ _ _ In 
c to 
CI.) 
0 
w 
_ _ _ _ O 
---- -- m
z E? 
_ _ _ _ _ _ In 3°, I 
“E N "’ 01 
8 E I— (.0 H 
_ _ _ _ __ _ _ _ _ _ C) 
C\l 
'C _ _ _ _ _ _ LO 
If“ \— 
S: 
G.) 
O 
m 
_ _ _ _ __ _ _ _ _ _ O 
‘_ 
é 
L 
g — - — - — — lo 
8 A g) 
m g g 
_Q L C“) LL LI 
'8 3 <5 u—CE ICD LL— |— 0‘ m 0: |_ 
| | | | | | | | | O 
US 2014/0336818 A1 Nov. 13, 2014 Sheet 7 0f 38 Patent Application Publication 
BEwNoz _
l 
wHEwNoz mom: 
£35 
lhk lwm mmcm L<w U<w ljk QOU 
US 2014/0336818 A1 Nov. 13, 2014 Sheet 8 0f 38 Patent Application Publication 
'._------------------------------------------------------------------_~ 
1 
I 
I 
:HEE __ 203
Ewnwamw 
m 
. l1 0 u >atxH W1 
ES n00 n 9.m
no I: I... p __ ~1 0 Fm.__
M Mmww> __ 0000 p7.... L pq 0
N YWKmG
H, mmx [VKFM q BQ
__ K00 
F .V H
[ [ %
~ F 
g H >.é[
w n XE
2:68me SE 



Patent Application Publication Nov. 13, 2014 Sheet 12 0f 38 US 2014/0336818 A1 
Dead (Vd) External Wireless 
Navigate Command: ------- \ (SA d) ESTOP 
Raise (0) 
OFF (0) 
Cruise (VC) --------------- " 
Nag/igate Deliberative 
(QAd) Deliberative 
Lower (1) Iv I 
ON (1) _______________ __ 
Cruise (VC) 
Navigate 
(SAd) 
> _ _ Lower (1) 
Safe Speed ON (1) 
Safe Navigate . Reactive (SAr) 
Raise (0) HI 
OFF (0) 
Deliberative Slow (vs) 
H Navigate 
(SAd) 
Lower (1) 
ON (1) Fig. 14 
US 2014/0336818 A1 Nov. 13, 2014 Sheet 13 0f 38 Patent Application Publication 
om mw
> ocmcmow
= thcwom
_ thcwow
C) 
Patent Application Publication Nov. 13, 2014 Sheet 14 0f 38 US 2014/0336818 A1 
Multi-Robot System 
i 
Homogeneous Robots Heterogeneous Robots 
________________________ 
coordination =0 No Cooperation Modest Cooperation Absolute Cooperation 
Strategy I I I 
Default Implicit lmp||0|t |mp||0|t 
Communication=° COmrnuniCEliiOFI Communication Communication 
“i?iériizb'?étm; """"""""""" "E'ié?éit' """"""" “E-X-p-li-c-it "" " 
Communication None Communication Communication 
(Momentary) (Continuous) 
Fig . 1 6 
’ \ / \ / Q 
GIM 
WCM 
R0|e I TX I I Rx I 
Stand-Alone II 
Coordination 
’ Leader No-Cooperation M=0 
I beObaI =9 Modest Mr] 
H O'matlon Fouowor Cooperation ' 
Absolute 
5 I :9 
Cooperatlon M “ 
Local =0 iRCA 
Information 
/ R0bots(1..n)/ 
Fig. 17 
Patent Application Publication Nov. 13, 2014 Sheet 15 of 38 US 2014/0336818 A1 
Follower 
Leader GoTo 
Wait 
Follow/Load 
Unload 
Unload 
Fig. 18 
Message Frame 
Data Control StatMsg 
(X.y,V,¢) (m, r, c) ( ...... ..) 
Fig. 19 
US 2014/0336818 A1 Nov. 13, 2014 Sheet 16 0f 38 Patent Application Publication 
f .......................... :w.__._%.zéméc%%_.wl 

Patent Application Publication Nov. 13, 2014 Sheet 18 0f 38 US 2014/0336818 A1 
CMS 
\Il, 
Tx Rx A 
WZI WZ || WZ ||| WZ IV 
Fig. 22 
Patent Application Publication Nov. 13, 2014 Sheet 19 0f 38 US 2014/0336818 A1 
StatMsgmat ToF?e 
III Scope 
Inputs 
































